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In the 1970’s, extensive experimental studies of the deep-inelastic reaction
mechanism were carried out and theoretical concepts were developed.

V.V. Volkov,
Deep Inelastic Transfer Reactions — the New Type

Wilczynski Plot of Reactions Between Complex Nuclel,
Physics Reports 44, 93 (1978)

L.G. Moretto and R.P.Schmitt,
Deep inelastic reactions: a probe of the collective
properties of nuclear matter,
Rep. Prog. Phys. Vol. 44 (1981)

A. Gobbi,
Different regimes of dissipative collisions

3. Wilczynski, in Lecture Notes in Physics, Volume 168,
Phys. Lett. B 47, (1973) 1982, pp. 159-174.

W.U.Schroeder and J.R.Huizenga,
Dumped Nuclear Reactions in Treatise
on Heavy-lon Science, Ed. D.A.Bromley.
N.Y.; London. 1985, pp 113-726.
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e energy dissipation
e N/Z equilibration

e transfer of angular
momentum
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To be able to resolve gamma rays from high-spin states
In deep-inelastic reaction products one had to wait until the advent
of the efficient Compton-suppressed germanium arrays.

The Total Energy Suppression Shield Array (TESSA)
was developed by the University of Liverpool
and Daresbury Laboratory; operational since 1983

Tungsten alloy
{heavy metal)
shielding

TESSA: AMULTIDETECTOR gamma-RAY ARRAY DESIGNED TO STUDY
HIGH SPIN STATES
P.J. Twin (Liverpool U. & Daresbury) , P.J. Nolan, R. Aryaeinejad, D.J.G. Love,
A.H. Nelson, A. Kirwan (Liverpool U.)
Nucl. Phys. A409 (1983) 343




Gamma-ray arrays based on Compton supressed Ge detectors

Starting from the 80’s:

TESSA (Liverpool-Daresbury),
OSIRIS (Berlin),

ARGONNE-ND ARRAY (Argonne)

NORDBALL (Copenhagen),
JUROSPHERE (Jyvaskyla),
EUROGAM (Strasbourg),
CLARION (Oak Ridge)
GASP (Legnaro-Padova)
EUROBALL
GAMMASPHERE

GASP
Legnaro

EUROBALL
Legnaro, Strasbourg

GAMMASPHERE
Argonne, Berkeley




Measuring gamma rays from deep-inelastic reaction
products by using the thick-target technique




Discrete gamma-ray spectroscopy with
deep-inelastic heavy-ion collisions —thick target technique:

R. Broda et al., SR RUE
Phys. Lett. B 251, 245 (1990)
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Detailed product yield distribution measured by using the gamma-gamma
concidence with thick-target for the system:

64N + 208Pp at 350 MeV E

I I I ] < | |- |- 5| |- B
u
||
O
| W =
L .‘ .

W. Krolas et al., Nucl.
Phys. A724, (2003)
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Example of the construction of a level scheme
by using the y—y—y coincidence thick-target technique
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Measuring gamma rays from deep-inelastic reaction
products by using magnetic spectrometers
coupled to germanium arrays

CLARA -
Ge array ¥/~ Quadrupole PRISMA magnetic
Dipole spectrometer
s Target
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We have the method that enables the studies of high-spin
structures in neutron-rich nuclei — it relies on using deep-inelastic
processes and two detection techniques:

a) thick-target technique with large germanium arrays
or

b) thin target technique with magnetic spectrometers
coupled to germanium arrays.



High-spin bands in %18220.222Rn and 22%224.22Ra
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Observation of Octupole Structures in Radon and Radium Isotopes
and Their Contrasting Behavior at High Spin
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The neighborhood of doubly-magic 2°8Pb
as a laboratory for studying shell model
effective nucleon-nucleon interactions
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o Proton and neutron
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Investigations in the region of doubly-magic 2°%Pb
by employing deep-inelastic reactions and the y—y—y coincidence thick-
target technique (with GAMMASPHERE at ANL)
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High-spin structures SOUTH of doubly-magic %°®Pb - comparison with
shell-model calculations using
the realistic V. Interaction (computer codes CENS and OXBASH).
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Systematics of the 2+ energy in the
Cr, Fe, Ni, Zn, and Ge isotopic chains
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Does the sub-shell closure occur at N=32 in neutron-rich nuclei?
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develops at N=32 in neutron-rich
N=28 nuclei: ®>2Ca may be considered
shell gap doubly magic.
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Gamma-ray spectroscopy of DIC
products with radioactive beams

Gamma Arrays based on
Position Sensitive Ge Detectors

_ ""I\/Iagnetic spectrometers which
provide full isotopic identification of
DIC products (PRISMA, VAMOS)




@ Conclusions and Outlook

B Discrete in-beam gamma-ray spectroscopy with deep-inelastic reactions
turned out to be efficient in elucidating high-spin structures in neutron-rich
nuclei:

o high-spin bands in neutron-rich Rn and Ra nuclei

o identification of high-spin structures in nuclei around doubly-magic 2°¢Pb —
those structures are well described by the shell-model calculations with the
realistic nucleon-nucleon interaction derived from the free nucleon-nucleon
potential

o identification of the sub-shell gap at N=40 in Ni isotopes

o observation of the sub-shell closure at N=32

B Discrete in-beam gamma-ray spectroscopy of deep-inelastic reactions
products will greatly benefit from radioactive beams. Experiments using the
radioactive beams and modern tracking germanium arrays should extend the
investigations of high-spin structures toward the ,terra incognita”.



“Reflections” in Liverpool

Reflections
on the atomic nucleus
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Crosby beach, Liverpool Echo and Narcissus
John William Waterhouse, 1903,
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